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ABSTRACT Imaging plays a key role in the diagnosis and follow-up of acute respiratory distress
syndrome (ARDS). Chest radiography, bedside lung ultrasonography and computed tomography scans can
provide useful information for the management of patients and detection of prognostic factors. However,
imaging findings are not specific and several possible differential diagnoses should be taken into account.
Herein we will review the role of radiological techniques in ARDS, highlight the plain radiological and
computed tomography findings according to the pathological stage of the disease (exudative, inflammatory
and fibroproliferative), and summarise the main points for the differential diagnosis with cardiogenic
oedema, which is still challenging in the acute stage.

@ERSpublications
ARDS diagnosis is still based on radiological criteria; the variety of these findings should be known
and recognised http://ow.ly/WEYIC

Introduction

Acute respiratory distress syndrome (ARDS) is a type of acute diffuse inflammatory lung injury,
characterised by increased permeability of the alveolar—capillary membrane with oedema, loss of aerated
lung tissue, increased work of breathing and impaired gas exchange [1].

The first definition was assessed in 1994 by the American—European Consensus Conference, which defined
ARDS as the acute onset of hypoxaemia (arterial oxygen tension (Pa0,)/inspiratory oxygen fraction (FIO,)
ratio <200 mmHg), with bilateral infiltrates on chest radiograph, in the absence of left atrial hypertension
[2]. However, over the years, this definition has led to the rise of several issues. First, the type of respiratory
failure was defined to be “acute”, but a specific time frame was not specified. Secondly, the hypoxaemia
criterion generated concerns because Pa0O,/FIO, may vary with FIO, and in response to other ventilatory
settings. Finally, the chest radiograph criteria showed only moderate interobserver agreement. Therefore, its
definition has been recently revised with the new Berlin definition [3, 4]. According to this latest definition,
the diagnosis is based on the onset of hypoxaemia and of bilateral chest opacities within 1 week of a known
risk factor. Respiratory failure is not fully explained by cardiac failure of fluid overload.
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From the radiological point of view, the presence of bilateral opacities remains one of the hallmarks for
diagnosis. However, it was explicitly recognised that these findings could be detected by computed
tomography (CT) instead of radiography.

Another point of this recent revision consisted of the abolition of the term acute lung injury. This term
previously identified a syndrome of acute and persistent lung inflammation with increased vascular
permeability and included all patients with any gas exchange impairment, regardless of whether or not they
reached the criteria of ARDS (Pa0,/Fl0, <200 mmHg according to the old definition). It was considered
confusing as most physicians included only subjects without ARDS (200 mmHg< Pa0,/F10, <300 mmHg)
in acute lung injury. To date, ARDS is classified into three levels (mild, moderate or severe) according to the
severity of gas exchange impairment.

From the first description in 1967 [5], a number of prospective studies have demonstrated that ARDS is
unfortunately not rare; ~80 cases per year and 100 000 population [6]. Signs and symptoms are not specific
(mainly dyspnoea, cyanosis, tachypnea and hypoxaemia) and mimic those of pulmonary oedema. The more
common precipitating conditions are: pneumonia (pulmonary ARDS), aspiration of gastric contents,
inhalational injury, contusion, vasculitis and near drowning. The indirect risk factors are: sepsis from an
extrapulmonary source, non-cardiogenic shock, severe trauma, pancreatitis, extensive burns, drug overdose
and multiple blood transfusions.

Pathologically, ARDS is characterised by diffuse alveolar damage (DAD) and evolves over 2 or 3 weeks
through exudative, inflammatory and fibroproliferative phases. Superimposed cardiac failure, pneumonia,
pulmonary embolism, ventilator-induced lung injury, malposition of tubes, central venous catheters and
drainages or other conditions may suddenly worsen the clinical evolution. More rare complications are
progressive lung fibrosis and pulmonary hypertension.

Although the death rate is declining (while still ~50%), the long-term disability in survivors is considerable
[4, 7-11].

Imaging plays a key role in the diagnosis and follow-up of ARDS and can provide prognostic information;
however, imaging findings are not specific by themselves. Thus, the aim of the present article is to
summarise the role of the main radiological techniques in ARDS, as well as the most common radiological
findings in order to assess some diagnostic tools that could be useful for the clinical management and
monitoring of these patients.

Imaging techniques in ARDS

Chest radiography

The role of chest radiography has been recognised since the first definition of ARDS. Lung opacities are
bilateral, diffuse, patchy or homogeneous, involving at least three quadrants and cannot be fully explained
by pleural effusion, atelectasis or nodules [4]. The most appropriate system of interpretation of chest
radiographs is still not well defined and a wide interobserver agreement exists. Nevertheless, radiological
findings are an integral part of the diagnosis. In fact, the Berlin definition statement underlined the limits of
chest radiographs, recommending that chest radiograph criteria should be better clarified by creating a set
of example radiographs [1, 3].

Chest radiography is also very useful to detect malposition of tubes and lines, and associated complications.
The usefulness of a daily bedside chest radiograph has been analysed in a number of studies. HENSCHKE et al.
[12] prospectively analysed chest radiographs of >1100 intensive care unit (ICU) patients. On average,
there were 0.7 radiographs per day per patient, 12% of endotracheal or tracheostomy tubes were
malpositioned, 0.9% of central venous catheters were malpositioned, and significant interval changes were
recorded in 44% of examinations after admission. Overall, new findings affecting patient management were
detected in 65% of studies. The authors concluded that the use of daily bedside controls, albeit often
technically limited, seemed to provide useful information in patients with multiple devices and provide
rapidly evolving findings (fig. 1) [12].

However, a more recent meta-analysis and a cluster-randomised, open-label crossover study concluded that
systematic but unselective daily routine chest radiographs can probably be eliminated without increasing
adverse outcomes in ICU adult patients [13, 14].

As these studies were performed in all patients admitted to an ICU, at present it is not clear what kind of
patient population could really benefit from daily bedside radiographic controls [15], but this policy is still
widely used, even in our department (Cardio-Thoracic-Vascular Dept, S. Orsola-Malpighi University,
Bologna, Italy).
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Chest radiography is still pivotal in the management of patients with ARDS and is still the focus of several
studies. A recent study of WALLET et al. [16] showed that digital bedside chest radiography is able to predict
a modification of recruited lung volume at different positive end-expiratory pressure (PEEP) levels through
a change in density on digitally processed chest radiographs. Thus, especially with the advent of
digitalisation, the role of chest radiography in ARDS does not seem to be outdated.

Computed tomography

The use of CT is increasing, notwithstanding the difficulties and risks of moving patients from and to the
ICU, because CT has proven to be more accurate than chest radiography in detecting the underlying causes
and complications of ARDS [17, 18].

Moreover, CT is crucial to understand the pathophysiology of ARDS and the complex interplay between
lung parenchyma and mechanical ventilation [19], which is still the recognised cornerstone of treatment
(though promising data about the effect of interferon-f has recently been published) [20].

First, CT quantitative assessment of poorly/normally aerated pulmonary regions has led to the discovery
that the ARDS lung is not stiff but “small” (the so-called “baby lung”), and that the elasticity of the residual
inflated lung is nearly normal. Secondly, CT proved that the acute exudative lesions in ARDS are
not randomly distributed (as was thought on the basis of chest radiographs) but have a gravitationally
dependent gradient, with more consolidation in the posterobasal regions, as a result of compressive
gravitational forces [21].

The rationale for protective ventilation and prone positioning is based on these latter considerations. The
lung protection strategy combines the use of higher levels of PEEP, to favour lung recruitment and reduce
the cyclic recruitment/derecruitment by counteracting the compressive forces, and low tidal volume (VT),
to prevent regional and global stress on the lung parenchyma. Indeed VT induces damaging stress only when
the capacity of aerated and recruitable alveoli is insufficient to accept that volume, as in ARDS, where the
“accessible” lung volume for ventilation is much reduced. For this reason, there is not an “absolute” safe
value for V1 (<6 mL-kg"' predicted body weight). A dangerous value does not depend on the formula of
expected healthy lung size (based on body weight), but on the actual size of aerated alveoli, which depends
on the extension of alveolar flooding [22-24]. In the same way, the application of higher levels of PEEP
could be potentially harmful in patients with low levels of recruitable lung.

However, the rationale of prone positioning is to improve ventilation to the dorsal areas of the lungs by
reducing the vertical pressure gradient. The improvement of the ventilation/perfusion ratio is determined
by positioning the ventilated alveoli in the dependent regions, where perfusion gravitationally
predominates, and by decreasing the overdistension of ventral areas, with a reduction of alveolar wall
injury. Indeed, prone positioning was demonstrated to enhance lung recruitment and to decrease alveolar
instability at the same time [25, 26]. A significant improvement of Pa0,/FIO, has been shown by ventilating
patients in the prone position [27]. Furthermore, a recent meta-analysis and a multicentre, randomised
controlled trial have proved an improvement in survival by using a prone positioning approach [28, 29].

FIGURE 1 The role of chest radiographs in the follow-up of acute respiratory distress syndrome (ARDS). a) The serial
evaluation of chest radiographs in ARDS and right pneumothorax (black arrow), b) allows the early detection of a left
pneumothorax (white arrow) and the increase of the known right pneumothorax.
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It follows that the knowledge of the capacity of the lung to become and remain recruited is essential. CT can
carefully assess different aeration in lung regions through visual analysis or through the evaluation of the
Hounsfield Unit in the single voxel. This allows the identification of four lung compartments: hyperinflated,
normally aerated, poorly aerated and non-aerated [30].

For this reason, CT can be considered the gold standard to target PEEP and VT by assessing recruitment and
hyperinflation [31, 32]. Furthermore, it can evaluate the percentage of potentially recruitable lung, which
widely varies among patients with ARDS and is strongly associated with the response to PEEP [33], and the
efficacy of the recruitment manoeuvres. In 2006, GATTINONI ef al. [33] proposed a limited CT study
(recruitment assessed by few slices scan per patient in inspiration and expiration at different PEEP values)
to evaluate the efficacy of recruitment manoeuvres, identify the volume of atelectatic parenchyma and its
response to ventilation, and distinguish atelectasis from consolidation. Lung recruitment manoeuvres
improve oxygenation by expanding collapsed alveoli, without inducing excessive hyperinflation in ARDS
patients. A recruitment manoeuvre during a CT scan gives morphological and functional information that
could be useful in setting ventilatory parameters [34]. Modern multi-slice CT revealed the increase of poorly
aerated lung as the main mechanism of a standard recruitment manoeuvre, also giving more precise
information compared to single slice CT [35].

Lung ultrasonography

Nowadays, there is a great interest in the application of lung ultrasonography in the ICU. The main
advantages of bedside lung ultrasonography include delaying or even avoiding transportation to the
radiology unit (also preventing radiation exposure) and guiding life-saving therapies in extreme
emergencies [36].

Ultrasound scanning was shown to be superior to auscultation and bedside chest radiography in the
detection of the main lung pathologic entities in ARDS (pleural effusion, alveolar consolidations and
alveolar interstitial syndrome), when considering CT as the reference for a correct diagnosis [37].

Lung ultrasonography can accurately demonstrate an “interstitial syndrome” which, in the appropriate
clinical context, can be considered as suggestive of pulmonary oedema [38]. According to some authors,
ultrasonography criteria to differentiate cardiogenic and permeability oedema could be detected [39]. ARDS
tends to give rise to a more patchy involvement (with spared areas) and to inhomogeneous distribution of
B-lines. Anterior subpleural consolidations may be seen, as well as reduced or even absent lung sliding or an
irregular thickened pleural line [36]. The assessment of B-lines has also been proposed as a simple and semi-
quantitative method to measure interstitial alveolar imbibition (i.e. as an index of extravascular lung water)
[40]. However, even if lung ultrasonography is claimed as a bedside, radiation-free, highly reproducible
technique with a short learning curve, in our opinion it requires learnt skills as for the interpretation of
other imaging modalities.

In the follow-up of ARDS, today, bedside lung ultrasonography seems to offer a practical alternative to monitor
recruitment efficacy and to rule out pneumothorax. Indeed, lung ultrasonography has been demonstrated to be
superior to bedside chest radiography not only in the detection, but also in the follow-up, of pneumothorax
after pleural drainage [36, 41]. Ultrasound was also able to show recruitment of lung parenchyma as PEEP was
increased from 5 to 15 cmH,0O with correlation to improvement of gas exchange [42].

Other techniques
Although the role of positron emission tomography in daily clinical practice is not likely to be feasible, it
represents a precious research tool, the results of which could have an impact on our knowledge of ARDS.

In patients with ARDS, positron emission tomography with 2-fluoro-2-deoxy-D-glucose (FDG) revealed an
increased metabolic activity, which interestingly also affects the normal aerated regions on the CT scan. This
suggests that no pulmonary region is spared by the inflammatory process [43]. Moreover, recent studies
focused on the possible influence of positron emission tomography on ventilation strategies. Indeed,
BELLANI ef al. [44] found that the metabolic activity (i.e. FDG uptake) of aerated regions was linked to both
plateau pressure and regional VT, whereas no association was found between cyclic recruitment/
derecruitment and increased metabolic activity.

Magnetic resonance imaging of the lung is still rarely used and often limited by the low proton density of
aerated lung tissue, as well as susceptibility effects at air-tissue interfaces and cardiac-respiratory artefacts.
Nevertheless it could be of value when radiation exposure or iodinated contrast material is contraindicated.
Experimental studies on animal models have revealed its efficacy in visualising and quantifying potential
recruitable lung volume, as CT scans can be performed [45].
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Recently, new techniques have also been proposed to assess changes in regional ventilation in patients with
mechanical ventilatory support, such as synchrotron radiation CT and electrical impedance tomography
[46]. However, few studies have been performed on this topic and their role in the clinical setting should be
further clarified, especially with regard to electrical impedance tomography, the potential of which relies on
the radiation-free bedside method [31].

Imaging findings in ARDS
As it is common in the current literature, we are going to outline the plain radiological and CT appearances
according to the pathological stage of the disease, even if a certain grade of overlap can be expected [47-49].

Acute or exudative phase: first week
In the first 24-48 h after the initial damage, chest radiography may still appear normal (latent period),
unless a pulmonary original lesion is observed (typically pneumonia).

Over the next 2 or 3 days, rapid deterioration occurs with increasing bilateral, patchy alveolar opacities
progressing to diffuse consolidations, with a “white lung” appearance in the more severe cases (fig. 2)
[50, 51]. Usually, lung volumes are reduced and air bronchograms are visible. Small pleural effusions are
common and a diffuse “crazy paving” appearance can be documented. Distribution can be more peripheral
or cortical than in cardiogenic oedema but a gravitational gradient is usually present, as demonstrated by
CT. This observation suggests that atelectasis is an important factor in the inhomogeneous regional
distribution of ARDS. Furthermore, this gravitational pattern can be helpful to exclude concomitant lung
infections, as dependent atelectasis is more common in early ARDS without pneumonia [49, 52].

FIGURE 2 Radiological evolution of acute respiratory distress syndrome over the first week in a 57-year-old male with
non-Hodgkin’s lymphoma and HINI infection. a) On admission the radiography examination did not show any
pathological findings. b) The next day some pulmonary consolidations appeared at the lower lobes. ¢, d) Over the next 2—
3 days, a rapid deterioration of clinical and radiological conditions occurred with consolidations (c) progressing to
diffuse alveolar involvement, with “white lung” appearance (d). The normal-sized heart and vascular structures help in
the differential diagnosis of pulmonary oedema due to heart failure.
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In the acute phase of ARDS, CT scans typically show a non-homogeneous distribution and a ventro-dorsal
gradient of density, with more dense consolidations in the dependent regions, widespread ground-glass
opacities and relatively normal or hyperinflated parenchyma (in case of mechanical ventilation) in non-
dependent areas (fig. 3).

Atypical ARDS, characterised by predominantly anterior consolidations in supine decubitus, can be
observed in ~5% of patients during the first stage of the disease, probably due to regional differences in
ventilation [49].

The inhomogeneous appearance of lung opacification on CT is generally explained by the posterior
compressive atelectasis caused by the weight of the overlying parenchyma. In fact, when the position of the
patient is changed from supine to prone to improve oxygenation, by optimising lung recruitment and
ventilation/perfusion matching, the density gradient suddenly changes in conformity with the position, the
dorsal lung re-expands and the ventral zones tend to collapse [53].

CT has been considered instrumental in distinguishing whether the cause of the lesional oedema is
pulmonary or extrapulmonary, which is useful for clinical management [54]. The typical CT presentation is
more common in extrapulmonary ARDS, whereas in pulmonary ARDS the opacities tend to be
asymmetrical, with non-dependent consolidations or ground-glass opacities and lung cysts. It must be kept
in mind that the presence of consolidations in non-dependent areas or the appearance of a new area of
consolidation may be a sign of both a pre-existing pneumonia and a new ventilation-associated pneumonia.
Thus, in daily practice, trying to distinguish pulmonary ARDS from extrapulmonary ARDS on the basis of
imaging findings alone can be a disappointing experience. However, an infective pneumonia is commonly
missed because the airspace opacities due to ARDS obscure the associated pneumonia.

A more sound use of CT consists of the identification of complications, mainly due to high end-expiratory
pressure during ventilation, in CT-guided drainage of loculated air collections [55] and in providing
prognostic information. In patients with ARDS/DAD, CT predictors of mortality are >80% of lung
involvement, enlargement of the right atrium or development of traction varicoid bronchiectasis [9, 56].

Intermediate or proliferative phase: second week

Reticular opacities may appear in the diffuse and persisting background of alveolar opacities; however,
unless iatrogenic complications or superimposed pneumonia develop, the radiological findings are rather
stable in this phase.

Coarse reticulations are not a reliable sign of fibrosis because they can subsequently resolve. In this phase,
the extent of CT opacities (>80% of lung volume), along with the presence of bronchiectasis,
honeycombing and signs of pulmonary hypertension (dilatation of pulmonary arteries and right ventricle)
indicates early fibrosis and predicts mortality [56, 57]. Recurrent exudative episodes can occur, resulting in
mixed radiological appearances [49].

FIGURE 3 Typical computed tomography features of acute respiratory distress syndrome showing: non-homogeneous
distribution, a ventro-dorsal gradient of density, more dense consolidation in the dependent regions, widespread ground-
glass opacities associated with thickening of interlobular septa (crazy paving), and pleural effusion.
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Late or fibrotic phase: over 2 weeks
In surviving patients, pulmonary opacities tend to wane with unpredictable speed. The final result could be
a normal looking lung or a pattern characterised by lung volume reduction and coarse reticulations.

More than 70% of patients present with CT abnormalities at 6 months follow-up [18]. Organisation,
characterised by fibroblast proliferation, is a common and nearly universal response to lung injury whether
it is focal or diffuse. Although there is a tendency to divide the types of organisation in different entities, the
lung’s response to injury is quite limited, with a similar pattern regardless of the underlying cause [9]. While
excessive fibroproliferation is clearly detrimental, an appropriate fibroproliferative response may have
beneficial consequences in guiding lung repair; bronchoscopy with bronchoalveolar lavage as well as CT
scan could both add useful information for the early detection of fibroproliferative activity [58].

In the later stages, CT generally demonstrates persistent ground-glass densities and reticulations, air cysts
and bullae, mainly located in the ventral regions of the lung, more often than chest radiography.

More severe fibrosis has been reported in patients with pulmonary ARDS and prolonged mechanical
ventilation with high PEEP. In these patients, fibrosis is typically more pronounced in the anterior,
nondependent portions of the lung. The anterior location of fibrosis may be related to ventilator-induced
lung injury due to mechanical ventilation trauma or oxygen toxicity, while the more dependent areas seem
to be partially protected by atelectasis and consolidation (fig. 4) [9, 18]. However, recent studies have
reported the “typical” distribution in only one-third of cases, while the majority shows a diffuse or, rarely,
predominantly dorsal distribution [59].

Traction bronchiectasis is common and can develop in an early phase, indicating impending fibrosis and
worsening prognosis. This finding is not completely specific because the reversibility of bronchial dilatation
has also been described in the late stages of ARDS [60, 61].

Few studies have systematically evaluated high-resolution CT appearances of the lung after severe ARDS to
determinate the correlation between radiological features and functional impairment. MASCLANS et al. [59]
followed up 38 ARDS patients after 6 months. They found limitations in daily life activities in 40%,
respiratory function abnormalities in 67% (with a predominant restrictive pattern), and CT alterations
(mainly reticular) in 76% of patients. In most cases, the radiological abnormalities were limited to <25% of
lung volume and the involvement of the anterior lung fields was predominant.

WILCOX et al. [62] were able to study 24 survivors at 5 years; 75% of them had abnormal findings on high-
resolution CT scans, mainly minor and located in nondependent lung zones. No correlation was found with
exercise and functional limitation experienced by the patients. Symptoms were considered more consistent
with extrapulmonary muscle weakness than with structural lung disease [62].

Complications

Early signs of barovolutrauma often correspond to interstitial emphysema and subpleural cystic air spaces.
Subsequently, imaging studies can demonstrate the development of pneumomediastinum, pneumothorax
(often hypertensive in mechanically ventilated patients) and subcutaneous emphysema (fig. 5).

It is well known that CT studies can provide important information that the conventional bedside
radiograph cannot supply [63, 64]. In case of a sudden and unexplained clinical deterioration or lack of
improvement, an occult complication can often be detected by CT, such as pleural effusion, atelectasis,
bullae, pneumothorax (especially when located in anterior lung regions) or necrotising pneumonia and lung
abscesses [65].

In a retrospective study of 74 patients, CT yielded additional information in 66% of cases and had a direct
impact on treatment in 22% [66].

Differential diagnosis: cardiogenic versus permeability oedema

The differential diagnosis of ARDS includes: cardiogenic pulmonary oedema, acute interstitial pneumonia,
diffuse alveolar haemorrhage, acute eosinophilic pneumonia and lymphangitis carcinomatosa. However, the
most challenging differential diagnosis is still between ARDS and cardiogenic oedema, especially in the
acute phase.

The differential diagnosis between ARDS and cardiogenic oedema can be assessed on chest radiograph in
typical cases [67, 68]. Cardiogenic oedema is usually characterised in its first stage by septal lines (more
visible in the costophrenic angles), prominence of the upper lobe vessels, peribronchovascular haze and
cuffing, widened vascular pedicle of the mediastinum and pleural effusion [49]. Nevertheless, the phase of
interstitial oedema is often undetected. If an alveolar oedema occurs, it appears as an airspace opacity with
gravitational or perihilar distribution. Sometimes the distribution is not uniform, mainly due to a
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FIGURE 4 Long-term evolution of acute respiratory distress syndrome. a, b) Computed tomography scan performed
at admission demonstrated multiple and bilateral ground-glass opacities, which were inhomogeneous in distribution.
¢, d) After 2 months of recovery an advanced stage of pulmonary fibrosis could be detected, with honeycombing and
bronchiectasis, which are more evident in the anterior lung regions.

gravitational effect in patients lying on one side or affected by emphysema, concomitant infections,
pulmonary embolism or other more rare conditions.

Acute (“flash”) congestive cardiac failure with oedema generally produces a radiographic pattern of patchy
or “bat wing” alveolar opacities with peripheral sparing. A bat wing distribution can be observed in <10%
of cases of acute pulmonary oedema but also in different situations; for example, in opportunistic lung
infections or diffuse alveolar haemorrhage [49].

Consequently, the clinical evolution, in addition to the absence of heart enlargement, septal lines or pleural
effusion and the abrupt appearance of alveolar opacities, all favour ARDS. However, in the daily clinical
practice, the differential diagnosis between cardiogenic and injury lung oedema can be even more
challenging than previously reported.

According to ABERLE et al. [69], radiographic criteria allow a correct identification of up to 87% of patients
with cardiogenic oedema but of only 60% of those with increased permeability oedema. This limited
accuracy could be explained by several reasons: 1) oedema may not be visible until the lung water increases
by 30%; and 2) features once considered more typical of cardiogenic oedema can be commonly found in
ARDS, including a widened vascular pedicle, pleural effusion, peribronchial cuffs and septal lines. A patchy
peripheral distribution of alveolar opacities is slightly more specific for ARDS (50% of cases), but can also
be found in cardiac failure (13%). First, from the radiological point of view, different conditions can mimic
pulmonary oedema. Secondly, a significant interobserver error and technical variability need to be
considered. Finally, acute exacerbation of a pre-existing interstitial pneumonia may further complicate the
radiological presentation.

A radiographic scoring system was used by ROCKER et al. [70] to distinguish pulmonary oedema of renal,
cardiac or capillary origin in 51 patients. Using the final clinical diagnosis as the gold standard, sensitivity
and specificity in cardiac oedema were 46% and 84%, in renal patients were 63% and 86%, and in ARDS
were 89% and 33%, respectively. The radiographic scoring system failed to distinguish between different
kinds of oedema but was relatively more sensitive (albeit nonspecific) in the assessment of ARDS [70].

Besides, from a general point of view, the old division of lung oedema into two simple categories
(cardiogenic—hydrostatic and non-cardiogenic increased permeability) is outdated and no longer adequate,
even if time honoured [71]. A more reasonable classification should now require at least four categories
[49]: 1) hydrostatic oedema; 2) ARDS (permeability oedema caused by DAD); 3) permeability oedema
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FIGURE 5 Complications of acute respiratory distress syndrome. a) Computed tomography scan showing a severe
pneumomediastinum with subcutaneous emphysema. b, ¢) Multiplanar reconstructions in the b) coronal and ¢) sagittal
plane better define their extension.

without alveolar damage (such as heroin-induced oedema, oedema following cytokine administration and
high-altitude oedema); and 4) mixed forms (such as neurogenic oedema, reperfusion and re-expansion
oedema, oedema following lung transplantation, efc.).

In a recent study, FIGUEROA-CASAS ef al. [72] evaluated the diagnostic accuracy of chest radiography to
identify bilateral pulmonary infiltrates compatible with the diagnosis of ARDS, using CT as the reference
standard. The sensitivity of chest radiographs was 73%, specificity was 70%, and positive and negative
predictive values were 88% and 47%, respectively. Sensitivity was significantly lower for focal disease
distribution compared with diffuse distribution. The authors were able to conclude that the accuracy of
bedside radiography is limited due to under-recognition of the syndrome, particularly when opacities are
not diffusely distributed, and over diagnosis [72]. Thus, chest radiography is not always able to provide a
correct diagnosis and other diagnostic tools should be taken into account.

Plasma levels of B-type natriuretic peptide (BNP) can be helpful, because a BNP >500 pg-mL™" indicates
that heart failure is likely. When BNP levels are <100 pg-mL’, heart failure is unlikely; however, high BNP
levels can also be found in acute pulmonary embolism, cor pulmonale and pulmonary hypertension.
Intermediate levels are considered unreliable. Besides, an important prospective study by LEVITT et al. [73]
demonstrated that BNP levels drawn within 48 h of admission to ICU do not reliably distinguish ARDS
from cardiogenic oedema, do not correlate with invasive haemodynamic measurements and do not track
predictably with changes in volume status on consecutive daily measurements. BNP levels cannot reliably
distinguish cardiogenic from non-cardiogenic oedema compared with an adjudicated blinded diagnosis by
experts [73]. However, BNP levels are significantly associated with mortality, as they probably reflect
concomitant pulmonary hypertension and cardiac dysfunction [74].

Differences between cardiac and ARDS pulmonary oedema have been shown by the evaluation of
extravascular lung water. Indeed, patients with ARDS were found to have higher extravascular lung water,
while their hydrostatic component (i.e. pulmonary artery occlusion pressure) was much lower. Moreover,
for a given hydrostatic pressure, extravascular lung water is greater in patients with ARDS compared to
patients with cardiogenic oedema [75].

Transthoracic echocardiography is often limited by technical constraints and cannot always rule out
cardiogenic oedema because it is not sensitive enough in the case of diastolic dysfunction. However,
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according to the Berlin definition, the cardiogenic origin of oedema can be reasonably excluded by the
evaluation of cardiac function using echocardiography.

Pulmonary artery catheterisation, when feasible and technically adequate, can still be considered the gold
standard reference and is able to definitely exclude or confirm a cardiogenic oedema (when the wedge
pressure is >18 mmHg in the acute presentation). As ARDS may coexist with hydrostatic oedema,
pulmonary artery catheterisation should mainly be considered for ruling out cardiogenic oedema if no risk
factors for ARDS are identified [3].

In a recent study by Komiva et al. [76], the authors reported a rather high accuracy of chest CT in the
differential diagnosis between acute cardiogenic and permeability oedema. In our opinion, the applied
criteria are not as clear and these results need to be further confirmed with more extensive studies.

Thus, a reliable method to distinguish cardiac from ARDS oedema or to evaluate the hydrostatic
component in ARDS patients still does not exist.

Conclusion

Although the criteria for the diagnosis of ARDS have evolved over time, along with the progress of
technology and scientific knowledge, the core principles have remained remarkably similar over the past
45 years. The most recent definition of ARDS [77] is still based on the physiological and radiological
findings described in the the seminal paper in 1967 by ASHBAUGH et al. [5].

As the science progresses, further refinements are now required and actively pursued, even from the
radiological viewpoint, as ARDS is probably a non-homogeneous combination of different disorders
sharing some clinical and radiological abnormalities, but probably based on different genetic susceptibility
and requiring the development of novel biomarkers and targeted therapies.

Up to what point radiology will be able to follow and integrate clinical evolution of ARDS is not clear; it will
be a difficult task, but certainly a worthwhile endeavour.
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